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4.0 SUMMARY 


‘A series of teats were conducted at the contractor s facility to | 


| determine the static aerodynamic characteristics of the Ryan Mode? 88 
Monoplane- and Biplane-type apparatus incorporating trailing edge flap 


arrangements for deflecting 4 propeller slipstream through large angles, 


| ‘as shown schematically in the sketch below: | 


t 
: RESULTANT —~, 


LONGITUONMW AL ee LIT 
PORTE 


+ 


| 
A resultant-thrust ratio of approximately 0.99 with a corresponding | 
slipstream turning angle of approximately 60° was measured in the presence | 
of a ground plane with fhe monoplane apparatus. These values reduce to | 
approximately 0.83 and 49°, respectively, when the ground pl*ne is removed. 
The largest slipstream turning angle obtained wth the monop] ane 
| apparatus was approximatel, 71° with a correspond'ng resultant-thrust ratio 
| of approximately 0.76 in the presence of a ground plane. These values 
| | reduce to approximately 67° and 0.69, respectively , when the ground plane | , 
| ‘i is removed. 
A resultant-thrust ratio of approximetely 1.01 with a corresponding 


} 3 slipstream turning angle of approximately 58° was measured in the presence 


| : of a ground plane with the biplane apparatus. " 
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‘The largest slipstream turning angle obtained with the biplane appara- 
tus was approximately 61° with a corresponding resultant-thrust ratio of? 


approximately 0.92 in the presence of a ground plane. 


The resultant-thrust and slipstream turning angle apvear to be 


reduced by approximately 0.08 and rie respectively, when the ground plane 


-4s removed from the biplane configuration. 


Auxiliary vanes were installed on both the monoplane and biplane 
configurations to assist in turning the slipstream. All vanes tested 
exhibited a similar tendency of increasing the turning angle but reducing 


the resultant-thrust ratio. 


Pitching moment measurements indicate that a significant nose-up 
moment change results when the ground plane is removed or when the flaps 
are retracted. Rolling and yawing moments appear to remain essentially 


unaffected by any corresponding configuration changes. 


Auxiliary vanes were also employed during the tests to investigate 
the extent of control possible by these means. All of the vanes gave 
relatively small moment changes for relatively large vane-position varia- 


tions and vane angle of incidence changes. 


The aft flap was hinged at its mid-chord to explore the characteris- 
tics of a more or less conventional-type control device. This scheme was 
rather ineffective in producing moment changes. A full-span, flap-type, 
slot-lip spoiler was rather ineffective in producing significant pitching and 


yawing moment changes although rolling moments are moderately affected. 
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NOMENCLATURE 

Syubol Item 

L Lift, lbs. 

L.F. Longitudinal Force, los. 

3.F. Side Force, lbs. 

M Pitching moment for the monoplane taken about an axis passing 
through a point on the thrust line directly beneath and parallel 
to the wing C/4 line (nose-up-positive), ft. lbs. 

M Pitching moment for the biplane taken about an axis passing 
through the thrust line at the intersection of the thrust line 
and a line drawn between the C/4 lines of each wing (nose-up- 
positive), ft. lbs. 

N Yawing moment for the monoplane taken about an axis perpendi- 
cular to the horizontal plane of thrust and passing through 
the wing C/+ line at the right hand tip (nose right-positive), 
ft. lbs. 

N Yawing moment for the biplane taken about an axis perpendicu- 
lar to the horizontal plane of thrust at the right hand wing 
tip on a line parallel to the wing c/s line passing through 
the intersection of the thrust line and a line drawn between 
the C/+ lines of each wing (nose right-positive), ft. lbs. 

L Rolling moment for the monoplane and biplane taken about an 
axis parallel to the thrust line and lying in the horizontal 
plane of thrust directly beneath the right hand wing tip (right 
wing down-positive), ft. lbs. 

M 
Ch Pitching moment-coefficient = qs 3c 

N 

co Yawing-moment -coefficient = wm Ib 
C Rolling moment-coefficient = £ 
4 ne cai a 
q" Dynamic pressure in slipstream, un /xD tbs /ft.” 
s Wing area (semi-span), sq. ft. 
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F 
1, 2, etc. 


, 2, etc, 
A 


et 
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Wing chord, ft. 

Wing span (semi-span), ft. 

Propeller thrust, lbs. 

Propeller diameter, ft. 

Static or tare reading of gage on balance system, psi 
Subscripts denoting 4 specific gage of the balance system 
Dynamic readings of a specific gage of the balance system, psi 


Distance above thrust line to leading edge of wing above 
thrust line, inches 


Distance below thrust line to leading edge of wing below the 
thrust line, inches 


Distance from propeller plane to leading edge of wing above 
the thrust line, inches 


Distance from propeller plane to leading edge of wing below 
the thrust line, inches 


Angle of incidence of wing above the thrust line, degrees 
Angle of incidence of wing below the thrust line, degrees 


Deflection angle of the upper wing forward flap measured from 
the upper wing chord line, degrees 


Deflection angle of the lower wing forward flap measured from 
the lower wing chord line, degrees 


Deflection angle of upper wing aft flap measured fram the 
reference line of the upper wing forward flap, degrees 


Deflection angle of lower wing aft flap measured from the 
reference line of the lower wing forward flap, degrees 


Distance fram ground or ground plane to thrust line, measured 
4n the propeller plane, inches 


Angle that ground plane makes with propeller axis, degrees 


Distunce that trailing edge of the lowest aft flap is fran 
the ground or ground plane, inches 
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ft a Inclination of resultant force vector from thrust line, a 
degrees | 
1 R Resultant force, pounds, R = ie (ieks) 
| | 
aee R/T  Resultant-thrust ratio | 
a . 
2) oil o” Density ratio, C/e, 
Ly : 
{ fi ; 
i | | 
| 
LI 
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6.0 INTRODUCTION 


This report presents test date obtained from the Ryan Model €8 


monoplane and biplane-type apparatus for deflecting a propeller-slipstream 


through large angles. 


The principle of deflecting a propeller slipstream through large 
angles appears to have practical application in the design of a vertical 
take-off and landing (VTOL)airplane. Previous test results from other 
agencies have been obtained on small-scale models. It was considered 


desirable, therefore, to explore the concept on a full-scale basis prior 


to designing a flight article. 


The results of the tests are presented in graphical form in Section 
11.0 and tabuiar form in Section 12,0. Graphical data include plots of 
thrust, longitudinal-force per unit thrust, and coefficients of pitching 


moment, yawing moment, and rolling moment versus the lift per unit thrust. 


The present tests were conducted at the contractor's facility 
between 2h August 1955 and 16 February 1956. ‘The apperatus was designed 


and fabricated by the contractor. 
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I 7.0 METHOD OF APPROACH 


1 7.1 Scope of Tests 


| 7.1.1 Propellers. Several tests were conducted on both a two- 
bladed and three-bladed propeller tc determine the effects of propeller 
| blade angle on thrust, and to select the propeller to be used for the test 
t , | 


program. ‘The wing was not mounted for the propeller investigation. 


7.1.2 Monoplane. The first portion of the test program was the 


Jp ; | investigation of a monoplane type apparatus simulating a semi-span wing. 


4" The wing incorporated a double flap arrangement which could be adjusted in 
ie i a number of deflection combinations. These tests were run to establish 
configurations giving Jarge slipstream turning angles and high resultant- 
thrust ratios. Several configurations of turning vanes, hinged flaps, and 


i. control vanes were also tested during these runs. 


Pitching, yawing, and rolling moments were investigated during the 
monoplane tests with emphasis being placed on pitching moment for purposes 


of developing a method of control. 


Ground effects were explored by placing an 18 x 18 foot plane in 


forza 


close proximity to the wing configuration under test. 


- 7.1.3 Biplane. The second portion of the test program was devoted 


| I to the investigation of a biplane-type apparatus simulating a semi -span 


configuration. Each of the biplane wings incorporated the same double flap 


I arrangement as was used for the monoplaze testa. These tests were conducted 


Pi : 
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to establish the effectiveness of multiple gurfaces in giving large slip- 
stream turning angles and high resultant thrust ratios. One configuration 
of a turning vane was tested at several angles of incidence during one of 


the tests on the biplane. 


Pitching, yawing, and rolling moments were investigated for all con- 


figurations of the biplane. 


Ground effects for the biplane configuration were investigated by: 
(1) running tests with a ground plane installed, and (2) by inverting the 


wings on the test apparatus. 


7.2 Description of Apparatus 


7.2.1 General. Forces were measured on a balance system of hydrau- 
lic cylinders as shown in the sketch at the bottom of Figure 18. The 
cylinders were identical and each solisisead of a 1-1/2 inch diameter piston 
on a 1/2 inch diameter rod. Pressure measurements were taken on both sides 
of the pistons by U. S. Gage Company "Supergages” reading from 0 to 600 
pounds per square inch and graduated in 5 pounds per square inch graduations 
on a eix inch diameter dial. Cylinder notations 1, 2, 3, 4, 5, and 6 refer 
to the small area ends of the pistons which have an area of 1.571 square 
inches. Cylinder notations 7, 8, 9, 10, 11, and 12 refer to the large area 
ends of the pistons which have an area of 1.767 square inches. The wing (or 


wings) and power plant were connected to the balance system by a common 
mounting. 


In order to simulate ground effects, a plane 18 feet by 18 feet was 


constructed and placed on independent supports in close proximity to the 
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engine-propeller and wing for both the monoplane and biplane tests. No 


ee 
aces 


. forces were transmitted from the ground plane to the balance system by 


if 
1 virtue of the independent mounting. Figures 1 through 14 are photographs 


i of several test configurations showing ground plane installed and removed. 


| rae A series of calibration runs were made with the wing removed to | 

establish a curve of “pup versus thrust for the propeller configurations. | 
| | o~ € was based on atmospheric conditions at the time of test. Brake horse- 
| - power was obtained from engine curves based on RPM and manifold pressure for 


Be 2 standard atmospheric conditions. Thrust calibration curves are shown in 


Figures 15 and 16. 


7.2.2 Monoplane. The simulated semi-span wing used-in thie investi- 


I gation had an aspect ratio of 1.67 (semi-span), no taper, and an NACA 0015 


airfoll section. The wing was constructed of aluminum spars, stiffeners 
and skin and was mounted on a tubular metal framework which also served as 
| @ mount for the engine and propeller which were mounted below the wing. 
The wing incorporated two flaps with their leading edges at approximately 
the 38 and 444 chord, respectively. The flaps nested within the basic air- 
foil section when retracted and could be extended-deflected through a great 
i number of angles in various combinations. Except for one test in the mono- 
plane series the flap gaps were not sealed. Photographs of the model in 


several test configurations are shown in Figures 1 through ll. 


| . 7.2.3 ‘Biplan - The simulated semi-span wings used in this investi- 
| gation each had an aspect ratio of 2.64, no taper, and an NACA 0015 airfoil 


section. The wings were constructed of aluminum spars, stiffeners and skin 


Td 


] : 
| CONFIDENTIAL 


i CONFIDENTIAL | 


REPORT NO. 8920-3 
: : Lids =" 


4 , 
“: 


[ and mounted on the tubular metal framework of the monoplane tests. Fach 

wing incorporated a double flap arrangement with the flap leading edges at 

ee approximately the 40 and 70% chord, respectively. The flaps nested within | 
the basic airfoil section when retracted and can be extended-deflected in 

practically any combination for both wings. The flap gaps were not sealed | 

| | for the biplane tests. Photographs of the model in several test configura- 


tions are shown in Figures 12 through 14. | 


| ; 7.2.4 Dimensional Data. The geometric characteristics of the models 


i} are given in the following table: | 


Monoplane Wing: 


a = Area (semi-span), sq. ft... . 2... 8.52 
| b = aGembeepan, ft. 66 68 ee ow we ee RO 
Oe ee CHORES wag ks aes ete Se nee BEF 
Airfoil Section... «se se ee és wo 6 o) NACA OLS 
| Aspect Ratio (semi-span) . + ee ee ee eee Lez 


Taper RAUIO «6 be ee ee es 1.00 


Meieeens Biplane Wings: 


s = Area (two semi-spans), sq. ft. -- ++: 61.50 
| b = Semt-span, fte. 6 se ee ee ee tees 9,00 
| |! c = Chord (each semi-span), ft... +. eee 3.417 
| Airfoll Section... - eee ee es . « « « MACA 0015 
| Aspect Ratio (each semi-span) . -. ++ + eres 2.64 
By meee ee ee Ae ee ae ID 
\ ah 
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Propellers: 

Hartzell Model... ... +. 4HC-83 x 20 - 1B/10133D 
It ieee km ce Ber alia pecan Tae cat gies tenet erat 
DiaweberP tt. a4 4 eee ees oe ese CO 


! Hiaeeede fie. se ee ee ee BOT 


ee 
| Hartzell Model en Gee, Pat! ° e % se HC-1le x 20 bad 8B/9333 
TMM a eet hs Te catceurs “es we ah a wens Pen ee 
- Digmeweny etx. Gaston woe e ee ee Pees 7.562 


DigiPAReR; fags TEM 6 we ee SW we ee kb 89 


Engine: 


Lycoming Model * 4 . 8 © @© @ © #@ @© # B 8 8 GO-445-C2 


F Cylinders (opposed). - 6 ee ee ee et ee es 6 
Brake Horsepower at take-off. ....+ +++ ++ 260 
RPM at take-off 6 we eee et et es 34.00 
Engine to propeller gear ratio.» + ++ sss 120:7T7 


Compression ratio . 6 6 ee hee he es frase 


a 7.3 Method of Recording Data. Two people read and recorded each 
of the gages of the balance system independently while two cther people 
were independently reading and recording each of the appropriate engine 


instruments. The readings were then averaged (if a difference existed), 


and the average values were used in reducing the data. Figures 18 and 19 


are sample data recording sheets. 


T.5 


CONFIDENTIAL 


Qo 


siyce 1@? 


CONFIDENTIAL 


REPORT NO. 8820-3 


7.4 Method of Reducing Data 


7.4.1 Monoplane. A thrust calibration with the wing removed was 
conducted at the beginning of the test program to obtain a thrust versus 
power relationship for use in determining thrust values subsequently 
required for non-dimensionalizing lift and longitudinal force. In this 
calibration run, thrust was measured directly and power was éetetawa from 
engine RPM, manifold pressure, and atmospheric data. The results were 
plotted as thrust versus brake horsepower times the square root of the 
density ratio, since the general expression for static thrust involves 


(BHP) 7 ~ as follows: (reference 1) 


| 2 
T = 10.42 (rv (0) 0 x) 3 


where 
T « thrust, pounds 3 
FM = figure of merit = 0.798 Cy a Cy 
D = propeller diameter, feet 
BHP = brake horsepower 
g~ = density ratio = fe, 
C, = thrust coefficient = ten? pt 
C, = power coefficient = P/en? p 


P = power, ft.lbs./sec. 
*@ = density, slugs /ft? 


n = propeller speed, RPS 


i is 
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To determine thrust for configurations with the wing in place, the calibra- 
4 
tion curve was entered at the (BHP) 0” — value corresponding to measured 


engine power and atmospheric conditions. 


Lift (L) was obtained from a summation of forces acting on the verti- 


cal cylinders as shown in the following equation: 


L = 1.767 (F, + Fi, + 2F, 4) - @+ @+ @ ®)| 


where 


om 
~] 
u 


Area of large end of load cylinder, square inches 

6) = Dynamic reading of a specific gage connected toa 
specific cylinder as shown in the sketch at the 
bottom of Figure 18, pounds per square inch 

F = Static or tare reading where subscript refers to 

a specific gage and cylinder combination, pounds 


per square inch 


Longitudinal Force (LF) was obtained from a summation of forces 


acting on the horizontal cylinders as shown in the following equation: 
iF = (1.767@ +® - 1.51©+@] - [1.767(¥,, + Fg) 


- LSTLR, + F,)| 


where 


1.571 = Area of small end of load cylinder, square inches 


All other terms are the same as those in the lift equation. 
7-7 


CONFIDENTIAL 


ih 


\ 


4 \¥ CONFIDENTIAL 
| REPORT NO. 8820-3 
— San 


i 
iii 
it nar 


Side Force was obtained from a summation of forces acting on 


= “ 
fesse § 


the cylinder, orthogonally mounted with respect to the vertical and hori- | 


i zontal cylinders, as shown in the following equation: 


r 
tl $F = [1.92@- 1.7519) » [2.57 ¥, - 1.767 F,| 


| a where: 


All terms are the same as those in the (L) and (LF) equations. 


Pitching Moments (M) are determined about an axis passing 


J 
ani through a point on the thrust line directly below the quarter chord line 


of the wing as shown in the following equation: 


Mos - 82:8 - (B + 16 cos 2) IP» f @)2| 1.767 
me ; 
1}! n [+26 me 0) 6.15 ey " F,) -@ 1G) 2-181 
+ 82)(@ +) 1.767 -@©+@um| - te + Fy) 1-767 


| - (A, + Fy) 1.s1)} 


where 


yak | 

ac B = Distance that leading edge of wing is behind the plane 
of the propeller, inches 

“c © Angle of incidence of the wing, degrees 


ott All other terms are the same as those in the (i) and (LF) 
equations except the numerical valuea which are based on the dimensions 


shown in the sketch at the bottom of Figure 18. 
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Rolling Moments (£) are determined about an axis parallel 
to and lying in the horizontal plane of the thrust line directly under the ! 


right hand tip of the wing by the following equation: 


8. i 
be - 17612, - @) (825) + arene, -QueZ%) 


4 |a.n@- 1.767(9) - (2. 572 F, - 1.767 r) (3:19 19) ! 
+ 1.1611(F,p : @)2| () 


where 


All terms are the same as those in the preceding equations. 


Yawing Moments (N) are determined about an axis perpendicular 
to the horizontal plane of the thrust line and passing through the quarter 


chord line of the wing at the right hand tip by the following equation: 
N -|q. 161 @ - 1.90) - (1-767 Fyy - 1.972 BCE) 


i (2.7678 Lon) - (1.767 Fg - 1-571 F](0232 09) } 


: (a.0@- 1.767 (9) - (1.571 F, - 1.767 Fy ee et et) 


where 


All terms are the same as those in the preceding equations. 


The pitching moment coefficient was obtained from the follow- 


ing equation: 
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where 


The yawing moment 


where 


The rolling moment coefficient was obtained from the following equation: 
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= pitching moment coefficient | 

= pitching moment in foot pounds about an axis passing 
through a point on the thrust line directly below the 
quarter chord line of the wing 


| 
= dynamic pressure in the slipstream = ua » pounds | 
xD” 


per square foot 
= propeller diameter, feet 
= wing chord, feet 
= wing area, square feet 


= propeller thrust, lbs. 


coefficient was obtained from the following equation: 


Cae ¥ 
n qs b 


= yawing moment coefficient 

= yawing moment in foot pounds about an axis through 
the quarter chord line at the right hand tip of the 
wing (looking from behind) and perpendicular to the 
Plane of thrust 


= wing span, feet 


oie q's b 
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rolling moment coefficient 


mee oe 
') it 


rolling moment in foot pounds about an axis parallel 
to and lying in the horizontal plane of the thrust 


axis at the right hand tip of the wing 


Biplane. The method of reducing the data for the biplane 


type apparatus is the same as for the monoplane except that the pitching 


and yawing moments have been computed about different reference axes. 


The following sketch and equations show how the pitching moment reference 


axis was determined: 
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Yawing moment for the biplane was taken about an axis perpendicular 
to the horizontal plane of thrust at the right hand wing tip on a line 
parallel to the wing C/4 line passing through the intersection of the 


thrust line and a line drawn between the C/4 lines of each wing. 


Rolling moment was calculated in the same manner for the monoplane 


and biplane configurations. 
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I] 8.0 DISCUSSION 


8.1 Accuracy of Results. In general, the accuracy and repeati- 
ne bility of the test results are conaidered satisfactory. Tare readings 
exhibited very small errors which in most instances amounted to less than 
1%. ‘The propeller calibration used for data reduction was checked near 
the mid-point of the test program and found to be essentially the same. 
Some scatter appears tn the test data; however, it is felt that it will 
have no influence on the general conclusions to be drawn from the results. 
| * The test apparatus and balance system were mounted out of doors subject to 
any wind at the time of test. The physical aspects of the test location 
is i indicated that a quartering wind from the right (looking forward) would 
predominate. These winds would tend to transmit an off-the-thrust-line 
| force to the balance system, thereby complicating the measurement of side 
| force, roll and yaw. The magnitudes of wind effects were not ascertained, 


but they are believed to be small. 


8.2 Thrust 


8.2.1 Propeller Configuration. Prior to the investigation with 

| the wing (or wings) in place, a three-bladed and two-bladed propeller were 
| J run on the test apparatus to determine available thrust and optimum blade 
i angle (measured at the 0.75 blade length station). Several blade angles 

In feos were checked on both propellers. Based on a propeller load analysis curve, 
Bs the three-blade propeller with a blade angle of 8.9 degrees was considered 


to be a reasonable configuration for the tests. The two-bladed propeller 
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| was used only for purposes of comparison; consequently, no great importance 

| may be attached to these results. Figures 15 and 16 present propeller 
thrust in terms of the product of brake horsepower and square root of the 
density ratio. Figure 20 presents comparative data of the two propellers 
with a wing attached. The results indicate insignificant differences in the 
resultant-thrust ratio between the propellers and approximately two degrees 


less turning angle for the three-bladed propeller. 


8,2.2 Interference. The test apparatus was located in the test 
area such that the propeller disk was approximately 7 feet from a solid 
panel fence, and the first test run was made under this condition. To deter- 
mine the effects of the fence, the second run was made with the fence 
removed. The data plotted in Figure 21 indicate that the fence caused 
unwanted influences on turning angle and pitching and rolling moment coef- 


ficients; consequently, subsequent tests were made with the fence removed. 


8.4 Resultant Force and Turning Angle 
8.3.1 Monoplane 
8.3.1.1 Flap Deflection Combinations 


8.3.1.1.1 Ground araiRenaveds A number of tests were conducted 
without the ground plane in place to determine the optimum angles of deflec- 
tion for the forward and aft flaps as regards resultant force and turning 
angle. A sufficient number of runs were made to show comparative results. 


Figure 22 presents data with both flaps nested within the basic airfoil 
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section and with both flaps at various deflection angles. The results 


indicate that with both flaps deflected 30°, the resultant-thrust ratio 
and turning angle are approximately 0.82 and 49°, respectively. The com- 
bination of 45° forward flap and 30° aft flap shows a resultant-thrust 
ratio of approximately 0.79 with a corresponding turn angle of approxi- 
mately 59°. Further deflection of the aft flap shows a marked decrease 


in the resultant-thrust ratio while the turn angle increases only slightly. 


8.3.1.1.2 Ground Plane Installed. The effects of the proximity of 
the ground are illustrated in Figures 23, 24, 25 and 26 for various flap 
deflection combinations. In general, the results show that the presence 
of the ground plane increases the resultant-thrust ratio and turning angle 
and causes a nose-down pitching tendency when flap deflections of 45° for- 
ward flap and 4o° att flap, or less, are used. The combination of 30° 
forward and aft flap deflection shows a resultant-thrust ratio of approxi- 


mately 0.95 with a turning angle of approximately 59° when fn the presence 


of ground effects; however, this reduces to approximately 0.82 and 49°, 


respectively, when ground effects are removed. 


Figures 27 through 31 present additional data in the presence of the 
ground plane with various forward and aft. flap deflections. The combination 
of 30° forward and aft flap deflection shows the highest resultant-thrust 
ratio of approximately 0.95 with a corresponding turn angle of approximately 
55°, The combination of 45° forward flap and 30° aft flap deflection appears 
to give the largest turn angle, approximately 66°, with a relatively high 


corresponding resultant-thrust ratio of approximately 0.82. 
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Figures 32, 33 and 34 present data on the effect of changing the gap 
between wing and forward flap. The use of a reasonable slot opening between 
the wing and flap appears to give a slight increase in resultant-thrust 


ratio, as compared to the gap-sealed condition. 


Figure 35 presents the data obtained from retracting the flaps in 
a typical take-off sequence. The ground plane was installed and no attempt 
was made to simulate leaving ground effects other than increasing the cis- 
tance from the trailing edge of the aft flap to the ground plane as a re- 
sult of flap retraction. The changes in the parameters with varying flap 
deflections appear to be smooth. No regions of erratic forces or moments 


are indicated, 


S5.162 Wing Location. Several tests were conducted to explore the 
effects of wing location with relation to the Saat axis and propeller 
plane. Limited data in the absence of ground effects are shown in Figure 
36. From examination of these results it appears that immersing the wing 
well in the slipstream is very beneficial in producing high resultant- 
thrust ratios. With the ground plane installed, however, it appears that 
moving the thrust axis downward with respect to the wing increases the 
positive pressure region under the wing, thereby increasing resultant-— 


thrust ratios. This trend is shown in Figures 37 and 36. 


8.3.1.3 Auxiliary Devices 


8.3.1.3.1 End Plates. In an attempt to increase positive pressures 


on the under surfaces of the wing, end plates were installed. As seen by 
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if the data presented in Figure 359, the resultant-thrust ratio and turning 
angle appear to be insensitive to end plates. Additional results regarding 
| | end plate effects are shown in Figures 40 and 41 and appear to show only 


T the effects of the large flap deflection angles and ground plane. 


: 8.3.1.3.2 Auxiliary Vanes. In order to improve turning angles, 


several auxiliary vane configurations were tested. These vanes are shown 


in s%etches 1 through 5 of Figure 17. The resulte are presented in Figures 
ko, 43, 44, 45 and 46. The vane configuration of Figure 42 (sketch 1, 

Figure 17) gave a resultant-thrust ratio of approximately 0.91 with a corres- 
ponding turn angle of approximately 61°, Direct comparison with other vane 
configurations would be unrealigic due to changes in flap deflection and/or 


| ground effects. In general, it appears that the vanes increased the turning 


angle but had an adverse effect on the resultant-thrust ratio. 


The vane configurations of Figure 47 (sketches 6, 7, 8, 9, and 10 of 


I Figure 17) show the results of placing a vane ahead of the wing for the 


purpose of pitching control. The results tend to corrcborate the evidence 


obtained from the vanes tested for turning aids in that the addition of the 


vane has lowered the resultant-thrust ratio and increased the turning angle. 


A vane was mounted above the engine nacelle and perpendicular to the 


=I horizontal plane as shown in the sketch on Figure 48. The results indicate 
that the various parameters are relatively unaffected by vane deflections 


for this configuration. 
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8.3.1.3.3 Aft Flap Hinged at Mid-Chord. Several tests were conducted 
with the aft flap hinged along the mid-chord line to explore this means of 


achieving control. The results shown in Figure 4O indicate that, as regards 
resultant force, variations of tab angle from neutral appear to cause sig- 
nifieant reductions in resultant-thrust ratio. Turning angle seems to 
exhibit a trend with varying tab deflection, although the reaults for the 


tab neutral condition appear to be out of line with the other data. 


8.3.1.3.4 Spoiler. A full-span, flap-type, slot-lip spoiler was 
installed on the upper surface of the wing to investigate this type of con- 
trol. The influence of this device on resultant-thrust ratio and turning 


angle ig detrimental as shown by the data of Figure 50. 
8.3.2 Biplane 


8.3.2.1 Flap Deflection Combinations 


8.3.2.1.1 Ground Plane Removed. Ac in the case of the monoplane 
tests, a series of testa were conducted with the ground plane removed to 


determine optimum flap deflection angles as regards resultant force and 


‘turning angle. In the absence of the ground plane and at upper and lower 


wing incidence settings of 20° and 5°, respectively, the data presented in 
Figure 51 indicate that resultant-thrust ratio and turning angle appear 
insensitive to flap deflection combinations. The regultant-thrust ratio 
ia approximately 0.88 with an approximate turning angle of 54°, Figure 
52 presents the data obtained from inverting the wing combination on the 


test apparatus to simulate the ground plane at an infinite distance. 
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{ Again the resultant-thrust ratio and turning angle appear relatively 
insensitive to flap deflection combinations. The resultant-thrust ratio 
a | ig approximately 0.82 with an approximate turning angle of 53°. The lower 
! values with an infinite distance ground plane seem to indicate that an 
unanticipated ground influence may be present when testing in the normal 


| position, 


8.3.2.1.2 Ground Plane Installed. Figure 5% presents comparative 
data for gound plane installed and ground plane removed, and Figure 54 shows 
the differences eveuttas between resulta with the ground plane installed 
i, and inverting the wing combination on the test apparatus to simulate the 
| | ground at an infinite distance. The resultant-thrust ratio for the ground 
a plane installed is approximately 0.95 with a corresponding turn angle of 


approximately 56°. 


The effects of upper wing flap deflection are presented in Figure 55 
through 69. A resultant-thrust ratio of 1.01 with a corresponding turn 
angle of 58° was measured in the oe of the ground plane with an 
upper wing incidence of 20°, the upper wing forward and aft flaps at ho? 
and 37°, respectively, a lower wing incidence of 5°, and the lower wing 
forward and aft flaps at 40° ana 37°, reapectively. The maximum turning 


| a angle appears to have been reached at the same point as the maximum 


reeultant-thrust ratio. 


| The effects of lower wing flap deflection are presented in Figures 
70 through 74. Again a maximum resultant-thrust ratio of approximately 


1.01 was achieved. The corresponding tur, angle 1s approximately 55° with 
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1 an upper wing incidence of 20° with the upper wing forward and aft flaps at | 
1 42,5° and 40.5°, respectively, and lower wing incidence of 7.5° with the | 
lower wing forward and aft flaps at 30° and 21.5°, respectively. A maximum 
turn angle of approximately 61° with a corresponding resultant-thrust ratio 


of approximately 0.92 occurs with an upper wing incidence of 20° with the 


upper wing forward and aft flaps at 425° and hO.5-, respectively, and a 


lower wing incidence of 10°, with the lower wing forward and aft flaps at 


45° and 4°, respectively, and in the presence of the ground plane. 


The results of deflecting the upper and lower ving-flaps progressively 
are presented in Mgures 75 and 76. It 1s seen that the best configuration 


of this survey gave @ resultant-thrust ratio of approximately 0.97 with a 


corresponding turn angle of approximately 58°, 


8.4.2.2 Wing Location 


8.3,2.2.1 Angle of Incidence. The upper wing was tested at several 
angles of incidence with the lower wing at fixed incidence and flap setting. | 
| The test data are presented in Figure 77. Under the conditions imposed, 
: the optimum angle of incidence as regards resultant-thrust ratio and turning 


angle for the upper wing appears to be between 20° and 25°, An inspection 


of Figure 77 reveals that the turn angle inereases steadily as upper wing 

: incidence increases until 20° ig attained. The next data point shows a 
relatively large drop in the resultant-thrust ratio with a small gain in 

turning angle. This tendency is exhibited for all of the configurations 


Fy tested. 
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The lower wing was also tested at various angles of incidence with 
the upper wing at fixed incidence and flap getting. The test data are 
presented in Figure 78. Under the conditions imposed, the optimum angle 
of incidence as regards resultant-thrust ratio and turning angle for the 
lower wing appears to be approximately 7.5°3 however, no comparable test 
data are available for incidence settings less than T.5°. The results of 
this figure indicate that the resultant-thrust ratio decreased as the lower 


wing incidence was increased for each configuration tested while the turn- 


ing angle was essentially unaffected. 


§.5.2.2.2 Gap /Chord Ratio. Several tests were conducted with 
various vertical distances between the wings. This gap (the vertical 
distance) divided by the chord is the Gap/Chord Ratio. The results of 
these tests are shown in Figures 79 and 80 and indicate that the resultant- 
thrust ratio is relatively insensitive to a change in the gap when large 


flap deflectione are used. 


8.3.2.2.3 Stagger/Chord Ratio. Several tests were conducted with 


. the wings at various amounts of stagger. Stagger is equal to the horizontal 


distance between the leading edge of the upper wing and the leading edge of 
the lower wing. Negative stagger occurs when the upper wing leading edge 
is aft of the lower wing leading edge. The results of these tests are 
shown in Figures 81 and 82 and indicate that a Stagger/Chord ratio of 
approximately ~1.24 19 near optimum for this wing and flap configuration. 
The regultant-thrust ratio and turning angle appear to increase as the 


atagger/chord ratio approaches -1.24, and decreases between -1.24 and -1.82. 
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8.3.2.2. Gap/Chord and Stagger/Chord Ratio. The effects of chang- 


ing the Cap/Chord and Stagger /Chord ratios progressively are presented in 
Figure 83. The results of this figure show that when the gap is decreased 
and the stagger increased negatively, there is a large increase in the 
resultant-thrust ratio (0.80 to 0.95) and turning angle (48° to 58°) for 
the wing and flap configuration of these tests. Due to the scope of data, 


the limits of change are not defined. 


8.3.2.3 Auxiliary Vane. The effects of an auxiliary vane mounted 
above and ahead of the upper wing are err Figure 84. The 
resultant-thrust ratio and turning angle increase with increasing vane 
incidence angle. The eeeioum values occur at a vane angle of incidence of 
4 approximately 20°. Figure 85 presents a comparison of vane-on and -off 
and indicates that the resultant-thrust ratio is comparatively sensitive 
to vane incidence changes. However, only the vane incidence angle of 


approximately 20° gives results comparable to the no-vane configuration. 


8.4 Controllability Considerations 


8.4.1 Monoplane 


8.4.1.1 Auxiliary Vanes. Several tests were conducted with an 
auxiliary vane mounted above and ahead of the wing to study this device as 
, a possible means of control. The principal results of these tests are 
paidenees in Figures 86, 87 and 88. Pitching moment appears to be affected 
only slifhtly by a change in vane angle of incidence. Yawing and rolling 


moments appear to be relatively unaffected by this vane configuration. 
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A vane mounted perpendicular to the horizontal plane of thrust and 


extending above the wing was tested at several deflections to the right 


| ne and left of the line of thrust. Figures &9, 90 and 91 present the results. 
| 1 The perpendicular vane, as tested, appears to have essentially no effect 
on the pitching and yawing moments and very little effect on the rolling 


| moment. | 


8.4.1.2 Aft Flap Hinged at Mid-Chord. A series of tests were con- 
ducted with the aft flap hinged about its mid-chord line as shown in 


at pat sketches 11, 12, 13 and 14 of Figure 17 to determine primarily the pitching 


control exerted by flap-tab deflection. The results are presented in 


Figures 92, 93 and 94 and indicate that an angular displacement of the tab 


appears to have little effect on any of the moments. 


| 8.4.1.3 Spoiler. A full-span, flap-type, slot-lip spoiier was 


installed on the upper surface of the wing as shown in sketch 15 of Figure 


17. This spoiler was tested at several angular deflections for purposes 
of aerodynamic control evaiuation and the results are presented in Figures 1 
95, 96 and 97. Pitching and yawing moments appear to be affected very 

| | little. .The rolling-moment coefficient reduces as the spoiler deflection 
- | angle increases; however, the amount of change in rolling moment is moderate 


: 
| over the range of spoiler deflections. 


8.4.2 Biplane 


8.4.2.1 Auxiliary Vane. An auxiliary vane was mounted above and 


ahead of the upper wing to determine the pitching control exerted. Figures 
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98, 99 and 100 present the results obtained in these tests. The data 

seem to exhibit quite a bit of scatter; however, the pitching moment appears 
to reduce slightly as a function of vane angle of incidence. Yawing and 
rolling moments appear to be affected only slightly by a change in vane 


angle of incidence. 
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9.0 CONCLUSIONS 


lf A resultant-thrust ratio of approximately 0.99 with a corresponding 
slipstream turning angle of approximately 60° was measured in the presence 


of a ground plane with the monoplane apparatus. ‘These values reduce to 


approximately 0.63 and 9° , respectively, when the ground plane i- removed. 


The largest slipstream turning angle obtained with the monoplane 
apparatus was approximately 71° with a corresponding resultant-thrust ratio 
u ’ ; of approximately 0.76 in the presence of & ground plane. These values 


reduce to approximately 67° and 0.69, respectively, when the ground plane 


] .ig removed. 


li A resultant-thrust ratio of approximately 1.01 with a corresponding 


ae slipstream turning angle of approximately 5e° waa measured in the presence 


of a ground plane with the biplane apparatus. 


The largest slipstream turning angle obtained with the biplane 
apparatus was approximately 61° with a corresponding resultant-thrust ratio 


Penis of approximately 0.92 in the presence of a ground plane. 


The rerultant-thrust ratio and slipstream turning angle appear to 
_be reduced by approximately 0.08 and 5, respectively, when the ground 


plane is removed from the biplane configuration. 


| | Auxiliary vanes which were installed on both the monoplane and biplane 
configurations to assist in turning the slipstream, exhibited a similar 


| tendency of increasing the turning angle but reducing the resultant-thrust my 


| ratio. 
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Pitching moment measurements indicate that a significant nose-up 


moment change results when the ground plane is removed or when the flaps 


are retracted. 


Rolling and yawing moments appear to remain essentially unaffected 


when the ground plane is removed or when the flaps are retracted. 


Auxiliary vanes, which were tested as means of achieving control, 
gave reletively small moment changes for relatively large vane-position 


variations and vane angle of incidence changes. 


The aft flap was hinged at its mid-chord to explore the character- 
istics of a more or less conventional-type control device. This scheme 
was rather ineffective 1n producing moment changes. A full-span, flap- 
type, slot-lip spoiler was rather ineffective in producing significant 
pitching and yawing moment changes although rolling moments are moderately 


affected. 
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Figure 6 
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Figure ¢ 
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Figure 11 
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Figure 14 


CONFIDENTIAL 


ors eras i oi Tha | <sige |-y et Be as De ees tS Ca 
. 
' 
' 


A BS a ee oe Ge |e is Ce ae i i i Us ee en 
i A Aiecs a Rist ' b aie | : | Sa Ae by reese ; LE: 


' 
i 
| 
} i 
] ' 
1 : - + = \-5 pan ene rd jot teehee geen L ee mae 
rt t i Io: | ; ' : , : ! . 
I 
‘ = — = » Fe M * e ! ‘ ; ' ' 
H 
} t : ; , pe 
‘ t / ; 7 t 
== ee ceed ene ey —| - = i J a i , -~ = ~~ =— a — Las L 2 = — 
H 
; ' H 


eo 
j 

wakes says 

ee 


Ws 2 NE REALE 


BES ha aR, 
4 , 


Retaes 


' 
' 


bass KD 
‘ 
be DARE 
ot Rae tit --. age 
eit 
' , 
die 
H 
' 
Pea} 
Se ene 
' 
460 
| 


cannes Ory 


ee ans 
— 


cn Ca 
| Lt 

4 52 |: 
4 shed] SA 
3 Eth 

; | 

| 

ba 

| ] 

[ 


80 


sed ory WAS TG 
! : : Fe 
a 


ge 
bn he 


nO. 8820- 
=~ 


HI GE ate seals sk 


' teed 


” 


pent sr a a Feats Tesora ses Fraps eit raze reer caries cet 
i z btied i é j ; H he . i z 
H 5 2 s ! , ; ' . > i 

et bo peats pretest - | 7 eer eet es 
| PE Seal» me eed a ee i att] 4 
ao iS ae ao! ‘ oan} dws S ; 
aie : 


ifs baer meee 
; i ' ‘ 9 
- bs ' - ' ' j ] ‘ 
i - i ee a rn | + .- — — ——~ t —p+- 
j + mete 3! i i ae 
= yotepsoye ert Seiad 
. ‘ ’ ‘ i i 
Sb Ree ese 
“7 = us | 
' r 
i mE ‘ 
, 


' 
a j 
ab. pa abe 
' 


how 
is 
Er 
ae 
| 


' ' 
Pe 


renee 


Pe ane 
ne Ee AO ae en 


a 


Pisge 


Sketch 3 


ee am Nee 


CONFIDENTIAL 
REPORT NO. 8820-3 


SKETCHES OF AUXILIARY VANES 


CONFIDENTIAL 


Sketch 4 


11290 


4 
Snag — a 
== 
os Be 
FH “f= 


| [ ) Sketch 5 


iy S Sketch 7 


CONFIDENTIAL 
REPORT NO. 6820-3 


SKETCHES OF AUXILIARY VANES 


CONFIDENTIAL 


Sketch 6 


Sketch 8 


deed. 


aT oe) T pall 
NH Pata 


Sketch 11 


CONFIDENTIAL 


KEPORT NO. 8820-3 


SKETCHES OF AUXILIARY VANES 


SKETCHES OF CONTROL TABS 


CONFIDENTIAL 


iii MR Mt iil He pene 


GAP COVERED 


Sketch 12 


11.12 


Al CONFIDENTIAL 


C) : SKETCHES OF CONTROL TABS 
| 


oe 
See 


ini hit aN is ei REONAVE i ton ih ea 


REPORT HO. 8620-5 


pees 


GAP COVERED 


Sketch 13 


Sketch lh 


CONFIDENTIAL si 


CONFIDENTIAL 
REPORT NO. 8820-3 


Sketches of Auxiliary Control Devices 


ae ee . 
\ me amet =p ee GS 
[| ae \ 


Sketch 15 


en —tang ) -—2 
aoe pee 
pe fe [ Sy cae 


Piywoon 


G 
10 | 


j i 


pt FARIS OF ROTATION 
! 


Sketch 1 


11.14 


CONFIDENTIAL 


i 


ti ane Ine ineevia tidHHHPOREHAAN 


ll CONFIDENTIAL 


‘ ‘Ne wee 


| | (| Sketch of Biplane Configuration Figure 17 i 


| | 1a i Sketch 17 
Lay fd 


l, 
il 
es Sketch of Auxiliary Vane 


Sk ie t ch 18 


| ! Lot 
Ha CONFIDENTIAL 


Gh 5 . 


* 


mal 


ott | : TWELNIQTINOD 


0 


| { a eee + SOS 

| ae / SIONAL ONIN ISW 
/ C¥O1 40 INIWION Wade 
| / 
| 
| Pe, 
_— fet 
| at | 

| be ty | aN 
a/lt 

| SHIONITAD VY , Ws . 
! | "Ye ii, 
| see aa Nw r 
| SION — $19 9 
' 
| ais BG a il 
| pore ee 


OLT tevge lone igs ~ 
tgee test t 99 tszt 

site Test | ce Tet 
tee [Ont | ol [CGT 


SYoCKeOLt|9¢ | 29 [us 


Ge [gee 166T | 9 JOLT 


i 


PRT) SONIGY]9 20¥9 BIONITAD GVO) 


(OVO '*NI OS 


Vivd 1831 88 1300N 


WILN3Q14NO9 


e565. SeERE =. 


Ny AHS Sa aaa 


Ser? See seor ke 


je ny 


TWILNIO14N09 


ES 


SUIONIVA. UNia le Pw 
OVO? 40 INIAION waa o) 


wot Zit } i 
SHIONITAD TV WB 


a! 
La) 
A 

' 


‘ 


8,8 | 8 
rei 
ry 
Sieigigig: 'eigigie = 
oO} Oo 
Oi 
uN 
at +, 
a aig & 
+' Ol] WN 
a Ase 
Oo} Oo} oj Of O| @ SO oO oO 
o'o of of oO oaovoad]sD 
RRABWS A 


i 
| 


; 
' 


a ae aS 
bd a a a 
oF Oét| O62) 0 | 0 19 

ct zoz| g6e| 0 | 0 

s ol 0 STH 1G 
Ch ike Oke] OE] O TO 19 

oF ane| GET OT 0 16 Ts 
or As wel of] 0 | co | #6 

i o | ést] o | © | "Ss 
pt e| GOS] O | O | Ls 

ot  @ae s| 0 ike 


cc] o [S62 
“GGT O 
cto 

| 0 [Ste 
“3¢| 0 [06T 
Cau oy 
C1 0 |Sne 
Go] 0 | One 
cot 0 |See 
co! o Joe 


SET Oo | She 
o | Gee EL" nelG66t| Cote 
%| 0 [oR [eta 009 0068 
0 | doe Ko'sd 203 0063] 


002 


9 1 SS] O | SSe hg xeK cde] O2ée 


€* Hal get] Of6e 


DG * nels GET! OC62 


OS’ Hel GOclO 


ee ee 


L* hz Z0e) Scbe 


3 


is 


son eR 18 OT A AS 


{ 


s 


EEL BERESSREGQ00008, 


rf 


ey 
ete 


evar ame 


a 


ROO LA | ATA A 


TVILN3IGIHINOD 


INSTOLAIIOD LAHNON DAT TION LAATOTATIOO LOM OMT MYT 


Ea ee a OCUumelCU hl lUCU CUCU UCU OCOlC l!hUMUmhr”lmCrRCDCCTSRCCOST 
aE SSe0Gese ( 


a 
Bee de dees 
| [oangs Ee fina as8 


sooes Pees fares rere : “i rob 
is wie GQeceebpecepes = - era be +t 
4. eres teres [Sree Seer) = 
v "toast reer 
a a) ee 4 very taer 
Pres) +. abi tl 
lors tae eit 
=. TTT “t Hi ft RIES Soeaf 
Lr ebts et nee 
EeElee peas SRE oe 
. . “ 
wry: 
rr ree TE seth se Ls Brit: yt 
4 + Sie ry pepry toepe cred are 
é>s0 Pimrs fry es tohedye teaedere 


ioe ese tabs 
ltt ‘ oa 
Eh eabet ta: $ 


cee bes os TT = sy 
awe | pet Sons Peres oe 


at eceeeeaa | 0 ERE 
SEE Er ee ae ee pe epee pee ee 


oo 


z sane 
' . ests 
t if ats 


4 & VY 
e eg Oo 
gEqvid =NNU WAS 


bees. 


PSTTBSSU suNTE pUNoID ‘UOT ZoeTZeq EWLA WY 02 PUY 
WoRZoeT Zed Awry pxwAtog OF UITH sxeTTedord OAL, JO OIE 
NOLLVYO OILVLS Wd SOLLSTULLOVEVED OINYRAGOUEY 


= ort 
og omnia NOLLVENOLAMOO aNVWOMOM gp “BICON C 


aa 
eR 
€-029g ‘ON LuOdEY 


1 * IWILNIGIINOD 


faeees speemamenyes rests ety ithe Tt) . 1 eis fey Pot ert stoma s4ta aad enmeh bam bb CR NOBR AMAA AAs TART HSNNT VRAD mI voted tmrenrmr re es nncalnabn deere 1a eerTiint} tame auiih 
Teearete it “A A ai oy fy , | 
| | ' / es . a r i? ie | hut i| 
peli i 7 . i ity ‘ Ween, | | 
Ae ictA RP AU AOAII| MCUMMA THs mea NA ATION illibsebsdiy betty alu ists oll lia iil ' | NT HEPTTH PHY } GRMN i nieer yal He TPT SEM Te Hist 


TWILNIGISNOD 
) 6t'Tt 
—— ENATOIGS900 LOIWON ONT'TION 
bearGgArSPanes a 
ae ae cae C 
: Henne He 
Eanes Peep deck Het ea 
te siepite Seed He 
fe SE gl gb Oe HB en St Peele! eae 
| ‘Be cie (aee N e e Ha Be HEE tla 
i 3s See Se fa ea Fe ie a iat | 
ta ee 
SueED Shier ‘ees ones fone 
Ze TLE CE tt a 
Qe ea Te ees eau sie Ge LG ae 
fee eRe Ril i ee ic i aH iy 
Pods pets eagcne Eee SenuE = ae eA if Hii if : 
Bukit ctesprspfepe sds, sk: Popede pe Papin pp yaks ie ie 
Es SS SSe505 SSeeS2 298 Ress as aS a Saige 
epee pee PEE EES mee a 
pspapedses fj oped FEEL Fd 2S See a caeeeoen 
eee ett et PCECCELERELEE Ey 
rer EERE] |] 
OnNIH 9129 WLI 4d 2 PS 
APIMS FrTIr Ar Iwi7e wir JIVIS a@ayim —— “ 
BH BE 2° 
mais opt 
SSeG00RRE=© ht. ord. Fs 
nena ea ua 
Pauunaan a Wiaeac@nvacea, eatin 
ee Bei Ppa. | \WATAETER AN ee Std i': | CRD 
Sse aa ne PAS img Bb) eT 
BEES esa ea i 9° 
neo eee 
mor ¢ 69 fs See eee a ee en 
a to coca ce 
SONI now WS az bao Maas 
ss ee i 
TeTTedoig JO quory ut aousg Jo WOT - ze — 
eens WOLLVHHdO OLLVIS YOd SOLLSTURLOVUVED OIKYNAGOUTY a o'T 
ibaa MOLLVUNDIANOD ENVIMONCH QQ ICOM C 
; +4— 
| €-02e9 “ON Luodau 
{ 
IVILNIGIANOS 
ar ieee ae cca (6 A gn ernmnnn’h mem a cielo alee be AT TR RNR (il alia me i ! ren : 
AM tesla did bodde parm Ih} | “! Ha bishtaliA iii HV Aba AVANT MANA Me HONE Yt EH Pere tila 


| 
ST LT PTT TEES PT ee TT PPrr Meet tal raya 


sae 
is, 
eats 


om: 
. 
3% 
1 
i: 
7 . . 
33] t= 
333 Bot 


ore $5 

sai oy. 

Shs. een 
et ER Fed A mi 


° 
-a 
La 
=< 
on 
©: sy El 1 Ae 


0 0 2 


E 
: 
E 
a 


NOLLOPLAAC dV 
POTTRR MU] 4ON euETy punory 


ze omTg 


Be, 
+p 


gE tne ee “omeeemvaneid nero ay 


PALETTE TTT end ent Tt 


T1TK TL 
WBS GSE HR he PE EI 23 
- 


ss 


‘uotzoatzed A¥LZ Jo POL 


NOLLVGHAO OLIVES WOd SOLLSTMRLOVEVED OIMVKCOERY 
HOLLVENOIANOD ENVIAONON QQ ‘THCON 


20299 ‘ON LuOdaH 


“roe Rain MUG Tt Te ii cole buatanalel 


EHSESo29.588 


IWILNIGINOD 


GNATOTATZ00 LAXNON DATION 


ah o: 
beet 
si 


: ta BU 
PPE aie rr 


-8F 


IWILNIGIINOD 


CL Leal ge 


eens 


mannerisms AE 


NPT PTT PES FRET TIM OUTER eT ETD et TIO | PEAR 


GAETOLEEIOO LEMON OMAR 


oa ree ree 
eee 


ie te Oe eee 


eat at 


PACA oh es 8] 
CON NaS | * 
~ te isu 
Sey “om 
nu ae 9° 
3 ita 


stot ; 
tae g 


f ~ wk 


TVILNIGHINOD 


PIMNOd ‘LSMMELL IMALOLAIHOD LNEMON ONT TION LHATOTAMIOO LEMON OMTAYK 


i 
' 


Hii ase 
dH BRE EH 


BESO TOF FTH fal ER i NE 
HBA 


fiiit 
p= Fs 5] 


ti 


: tte “4 3 342] 
LED Gs A a 
% 


i; 334 133] 
he 
ore 
83 
sre 
in tO a 
eres Steet He 3 
aren Hi id dvi nig 
Tie: 


cSt HD HY itt 
BER ISEE SEE TET ii ae 


erenevister ts a4 
ee el, 


By 

ieee 
as a 
3373 Tfiits 
H | 


7 
$ pree tad 


i 


Etat sr Hest Bae Rc 
iO aa an 
i LE 


‘ 
rh 
o ‘ ‘ 
ore eens bod 
preclorrcde terge~ 


woreT Jed Cetz Wy 64 PUY 
UOTPeTJeq duty prearos oft UTM euBT, puNoIp JO 28 
NOLLVEdO OLLIVIS WOL SOLLSTUMLOVUVED OIMVNAGOUTY 
cz eat NOLLVUNDLANCO ANVIMONON QQ ‘THCON 


ete 
Pp 
€-O02gg "ON LOGE 


vat + _ yyeerr tice 
Soest heated wit) en deneeilds }ERENRIITTT ATTN we HHnh mernert eames oven Me TTL Pte 1 1 Lill icbaeiadbeieAieiiaa laine v; ied onset heereiuoneys pererettere=trtetteenten: 
<4 A a gp stm === MMernennraie avons neil 
| 


IWILNAIGIINOD 


IVILNIQI4NOD 


INATOTAAIOO LHON OMAK 


TNAIOT ATO) LHANON ONT TION 


Th: Sran 
a S 


oars Lee 
rooos cee 
reeets tari 
s 
ith Hii 
Hf FBiad Pepe Et eg bbs Sa Fa 
‘ ; Peeri Spe 
eee sSaes Cee 
or 


PSScenee 2 aM 
Sec igeasees apes 
oe eee) rT 

Se ey. 
Ce ees 
See 


ESE 


> 
“ 
vr tebe 
eae See 


mele 
a ea 
PETER | 
' 


ag : 
enna ae tee ome 


& 


+ SO iss oh ee 
rere late H rat toh KL 
S 

bee Fa Pt FH 


FE FPGA ER Gea a A EO 


sontes 7t 
hei 
RA Gon i ae 


eae 
Boe 
ate 


UOTPeTJEG derz yy got Puy 
UOTPOTIeT CUTE pABALOT Ch UITH auNTE PINON JO 409IFE 
NOLLVUHdO OLLVIS WOd SOLLSTEMLOVUVED OLWVNAGOKEV : 
"e acc NOLLVENOIANOD SNVIGONON gg ‘THCON t / 


| my SiR a RES svagstemazeatee nt elit ggsinel . . (vee A AAPA iL 
4l\)) Y 3 
Hi, 


vagaysen sp itnavannnseterren 
Ha 


== 
= 

ae ae a 
SS: 
SF 
= 3 
—+- _— 
= tf 


iil aadiMillisaliuaiasth sist WWldNkitityy ee 


! 
wen 


NN 


AL 


ia) 


Hic AE TA STU 2 se 


CONFIDENTIAL 


re cssaemeasenewer 


REPORT NO. 8620.4 


OSS sees Ha oboe srepemeeres eee 


MODEL 68 MONOPLANK CONFIGURATION 


AERODYNAMIC CHARACTERISTIC FOR STATIC OPERATION 
Effect of Ground Plane With ya? Forvard Flap Deflection 


BYM RUN 
is. Gd 
10.1 
ll 


And 30° Aft Play Deflection 


Tabs 
Pr rrs t 


He pp a 
men 
seer coeseeeiais 


Gu susnemuane 
Pooecene PEE ae 


rerts rere 


1.0 


Ge Be 


—_— t+ @] 
1 Ge EOE ee 
| Wd a 
Apunenaeomnae 
fs "i al ‘is \o 
(TK Pap atee a a 
Ann ee CEP aa Ce ae 
2 ees NE 
+ hl AA ie 


pened hcl SL REISS PE tec ing 
Pie get i. 


Hn Ev OB a lg 
Ge OL Ue 
Hs HF ei Vk 
SU WG a 
ai Ol 
ac WH En 
ie a? 
ea eter ta tek ee 
i eee 


hs 


eee anee 
Snes 

Sel ede 
Fee ett 

eft FE hp 


te 
ih 


3 
33% 53 
ae athe 
’ at 
5 iis ES 
z baie $aas3 rests SEBEs 
: atts 
: 
F} 


mE 3 EEH TN: Os PLE tro fers pk 
soe $335 
Eeafttaps teat: [ti] ze 
ah hihi fits 
Pe ES : 


11.23 


THRUST, POUNDS 


< 
Be 
_ 
= 
BS 
B 
| 
& 
é 
: 
LF 


4 
a 


TVILNIGIANOD 


y 


Te a | 
ee oe 


Hise3 
tt 
rT 
sree cf 
fil ie 
E aul 
Ea 


: iit #333 
ae 
HH Ut 


§pebea ciped sabes today 
Hittite 
ritiis3 
1 rete 
i 
‘3 


pte 


<saet * 
+ 
=e 
ot 

- e 

* 


te 
EPH TPT 1 WP dF 


* 
eens 
srekes ss 


i RHEE OUR 
ns 


| RR 
popped 
Hilt 


ot: 
ace 
ee 


Hie 


: 
iti 


" 
ry 


ites 
bith 


ee 


i HEE LSE 


Hi 


. Seas ses 
* + 

. 

4 

. 


‘it 
i 


oa 
ese ce 


ts anak ta oe ee 
be erty a eh 
alk e 
a 


aU HE 
EUs Same ae 
Se SeeE aS TE 
Seon = ¢2 sss een es 
eeee 4 S2ene s80Eu 
Sees MiSSSnSce ges 
Seu cseeseekee ae 
Seo sSeeSeEaes Ee 
PPE Geet tld ed 


mo ot #69 
x FT O 
GNVid =oNMY MKS 


uoTgoetjeq duty yyy pue preatoy 9% TiTM sues PUNCIH JO PSL 


NOLLVUEdO SILVLS YO SOLLSLLLOvuyED OINVRACOUTY 


4 
9¢ ste NOTLYENOLANCO INVIAONOH QQ THCON 


€-O299 ‘ON LHOday 
| TWILNIGIJNOD 


1) 108 701004088 4088 oN A AG I I Hm Atm Tm rie 
Loma! . 


tren 


HU 
NSSmEO aA N VBL IIH) Alilthae poli) i * Wy af At ait ATR LOU TT 


TVWILN3QIdNOD 


S(O 40 0 AeA ea 


G2 "TT 
samnod ‘LSNHRL GAAIOTAAIOD LAANON ONT TION IMATOTLaIOO LASWON ORTAYX 
0O*T 00zT OOOT 00g 009 OO oT 
cee ees TEE: 
| EEG renee , 
oy be age ae Teeeee 2 eT =. 
ee nieces: : 
ESS = 
Bludeuscessravenueenecie uae * 
Se eeEaes pean eraseseseseee ee 
; prodeterts Rig HEE Littl 
S288. Sues mi eee ere |. 
ras SE Epes 
= aS53 ce ECE Ee ete ate GEES Sue 
ses ee ee He ae. eraser |e 
er To Facets SV sa aap ee 
= ace ey Re ee 
= Seay PCED EEE Seer]. 
send eae 
ot 9g" 9 v 2 0 ( 


POTTBRSUT aUWTY puNoIp 
‘uoTzoeT Jed dwt yy oOk UFFM UOTQoeT Jag dwg prBAtOg JO yoy 


NOLLVUHEO OLLVLS WOL SOLLSTMMLOVUVED OINYNACOMEY 
le oe NOLLVUNDLANOO SNVIAONON QQ ‘ICON 


+— UI 
£-O%@g ‘ON Luddy 


IVILNIGIINOD 


mune aud, EEE 
CHRP Ca Nae aE 
SE 
ra aucun sey samy 
SUN SER sc AN 


‘O10 UL RR 4104 | Wd en et tad nn nS | PF PPD 


fl “S/H tg peta yb 4 iret 


"a pte Tee Soa serie eee ed | \ if si iobesaal 4210141) 100F hot 00cm gato aneni NOAM ‘1 nari errg setter SPS erewen atin nietne sien marine ee Tey A otemes. HUM eh dt 
qf } 
‘ } j 1] } Wa i, silutlii YL aig! 
Ph MMASAMIAEOIAL ABD ey 814 Rddesi({4tsbanldde APH tip dl! bb \ } isi) . } AINE. ; | - vent TE PRM PEC TITEL TP TIPE Pe THe cE RET bee TP Dodi paae? 


ee Powe (UT 


IVILNIGIINOD 
LAT OTAAIOO LRANOM OMLA YK 


INATOLS&A00 LASWON ONT TION 


porte] 


Te 
tees 


| ae 
ESSE | 9+ 


oo 
ke oatgeaee 


3 oes ry 
PA PS tn) 
et vec ,. 
9° 
PSTTSZSU] eUBTY pIMozp 
fuopqoeTs9d EVLA HV Oh UIT UOT QeTJEG AUT PrENtod JO OIF or 
NOLLYWHdO OLLVLS WOd SOLLSTUMLOVEWD OLMWIACOUY fu 
ge vase NOLLVYNDLMNOD ANVIAONOK gQ TIOOM 
a, 
f-0299 “ON LMOdau 

| ven nanan oe 


™, i ey eh 
vd ee on =< - a : F 
Aisin ee he . 
bai yo) pe il Hie | i | Lui i ' 4 yet ih " ify iil lide) NPMEIPO LT TRE Aah iL teapot’ GIL Pol Lea 


‘J i at i 
{ AA SAT 


li 
ey rents ast. ame P emeet nn, 


soit NENA EEN AHERN HP oeo0 soo 


mt 


es 


oonenieee 


CONFIDENTIAL 


REPORT NO. 8820-3 


he 
Figure 29 


a 


MODEL 88 MONOPLANE CONFIGURATION 
ANRODYNAMIC CHARACTERISTICS FOR STATIC OPERATION 


Rffect of Forward Flap Deflection with 49° art Flap Deflection, 


Ground Plane Installed 


igs fer aw 


reed 
qi-- 


AN La 


Parleane 


aaa 
cA 4 
Vis SANE 
ASAT VINA 

(ag AN 12k 


A 
mM 


THUR EERE ff isi eatit ise 
an Mtl: 


ss 
pen 


a HS SE BR 


: fe aS ea 
" i. 
th 
oh 


esas 


* 
| = 1 
> se erert 
e a 
rote 
“383 : 
= 
at 
ped 


33 meee 
Set! ny He 
° srots renee hye! 
Ht - peers rea rt 
H soPatsetes 8o 
ate ges Deeg? erat: 
+. 4 +* oerrhere® > ate Pea) 
* Mitehdice sonete s.8 weer tT) 
ats Lo asiase- hry ere rages th=ry 
ttt If : 


Pres 
3: peat 
odes. 2° 
eaer? OSs hat. 
poe SST 
rae el i= Fae 


; o>: Be en ae itty? 
ean i | 
Hii 

. Seestysrsgeses[o sities 

svurtenarees Ean teens Seens beets tee 
aia! ha 

Pn i 
7 = a ; t ‘ 


aoeeeeca| 
fae 


Sh 
ties 
roo) 


kee 


‘ie 


THRUST, POUNDS 


YWING MOMENT COEFFICIEST 


11. 27 


ROLLING MOMENT COEFFICIENT 


CONFIDENTiAL 


RUN AFT FLAP 
23 50° 
4o° 


2h 


SYM 
i) 
4 


REPORT NO. 6820-3 
MODEL 88 MONOPLANE CONFIGURATION 
ARRODYNAMIC CHARACTERISTICS POR STATIC OPERATION 
Ground Plane Installed 


Effect of Aft Flap Deflection With 20° Forward Flap Deflection, 


Hilt He) FEL ARMA TI 
pate a ivy Ui lias 


- 
+4 
ei 
+ 
i “ ore) 


CONFIDENTIAL 


PITCHING MOMENT COEFFICIENT 


PerVITRLA NELLIS Le tebe 


Pi Mea BL UL 


HR a SR OM 


RSHretecapecdt ch Lah pasteeee eens ete 


HEN ki tet i 
i GB 


Poe tes 
iB ak 
8 at EN i 
ou a EE 

a HA 


rt 


ARG BA HS STU cennoe caus 


ads 


et al eat 
Pedram iecke tai hake | Heth | 
Fil Fisibesistrt lita ee 


: Bae HE 
a ees BOR 
i Wi a CEE 
3 2 : 

a 


Fs Riel ERR EG 
a mie 
313 sit 


eeed Peer! 
TT 
rei 
4 


eed 
aon 
ee 


Pehea 
ja cea 


ray 


ro? 


a 8 
PS eee 


fap Be rea 


oe i ii 
ee et 
SEEEEEES: soe pres: 
Hisqitete ipbes cesses 
: Hettty ifras cures cose 
Bish itt RH 
HE Sti 


eT el mtn 
Bl iE ii fee i ; 3} 


$353 
ss 
Rae 


es * eptee 
ibeae 
r* 
< * * 


11. 28 


CONFIDENTIAL 


ROLLING MOMENT COEFFICIENT 


YAWING NOMENT COEFFICIENT 


mm 


ii 


HAmadiaeliaiananit ili ulmi 


Tea 


ETP aR 


a TPT } 


ae ttt tle 
benef 


fa + Hal i 
' 


peopeeet ns ab ae 
gent toe 00) Pmmey tommy 


ms i save 10 NHS DtER LS 


' 


| 
| 


CONFIDENTIAL 


REPORT HO. 8820-3 


oe be 


Figure 51 


fine? 


MODEL 88 MONOPLAME CONFIGURATION 
ABRODYMAMIC CHARACTERISTICS FOR STATIC OPERATION 
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Ground Plane Installed 
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ARRODYNAMIC CHARACTERISTICS FOR STATIC OPERATION 
Results with Auxiliary Vane Mounted Above the Wing (Sketch 5 of Figure 17) 
With the Wing at 13° Angle of Incidence and Forward Flap at 30° Deflection, 
Ground Plane Installed 
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MODEL 88 BIPLANE CONFIGURATION — 
AERODYNAMIC CHARACTERISTICS FOR STATIC OPBRATION 


Effect of Upper Wing Flaps with Upper and Lower Wings 


At 5° Angle of Ineidence 
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MODEL 88 BIPLANE CONFIGURATION 
AERODYNAMIC CHARACTERISTICS FOR STATIC OPERATION 
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And Lower Wing at 5° Angle of Incidence 
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Upper wing forward flap = 42.5° deflection 


Stagger/chord ratio = -1.53 
Ground plane installed 


Upper wing aft flap 
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MODEL 88 MONOPLANE CONFIGURATION 
AERODYNAMIC CHARACTERISTICS FOR STATIC OPERATION 
Variation of Pitching Moment Coefficient with Angle of Incidence of Auxiliary Vane | 
Mounted Above and Ahead of the Wing (Sketches 6, 7, 8, 9 and 10 of Figure 17) 
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_| ABRODYNAMIC CHARACTERISTICS FOR STATIC OPERATION 
‘Variation of Yawing Momant Coefficient for Angular Displacement ! 
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_... 4. ARODYNAMIC. CHARACTERISTICS FOR STATIC OPERATION 

| Navfation of Pitching Moment Coefficient for Angular Displacement 
| 2 | Of Spotler and Change in Wing-Flap Gap Distance with Wing at 13° 
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Variation of Yawing Moment Coefficient for Angular Displacement 
LOf Spoiler and Change in Wing-Plap Gap Distance with Wing at 13° 
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